Background: In the Netherlands, pregnant women without medical complications can decide where they want to give birth, at home or in a short-stay hospital setting with a midwife. However, a decrease in the home birth rate during the last decennium may have raised the societal costs of giving birth. The objective of this study is to compare the societal costs of home births with those of births in a short-stay hospital setting.
Background
In comparison with other European countries, the organisation of the Dutch obstetric system is unique, with a high percentage of home births (about 29% of all pregnant women) and a low rate of medical interventions (the rate of Caesarean sections is about 15%) [1] [2] [3] . Traditionally, the Dutch system is characterised by extensive primary healthcare services, supported by secondary, more specialized care [4] . Overall, the home birth rate has decreased during the last ten years (from 35% of all births in 1997-2000 to 29% in [2005] [2006] [2007] [2008] [2] . For nulliparae, the home birth rate is much lower, namely 18% in 2006 [5] . There is a high referral rate during pregnancy (45% of all nulliparae in primary care) and delivery (43% of all nulliparae who started delivery in primary care) [6] . Pregnant women without medical complications have the possibility to choose where to give birth -at home or in a short-stay hospital setting, supervised in either setting by a registered midwife or GP (primary care) [1] . When there are medical complications, the attending professional (the midwife or the GP) refers the pregnant woman to an obstetrician in the hospital (secondary care). In short-stay hospital settings, the women and their babies are generally discharged within a few hours after birth for postpartum home care. However, due to the limited ability of GPs to be available all the time, in comparison with midwives (because GPs have a broader work perspective), the percentage of Dutch GPs supervising births has decreased over the last years (from 11% in 2000 to 6% in 2002). This trend is ongoing, and further limits the possibility of GPs to obtain experience in maternity care [7] . In the Netherlands, maternity care is financed by health insurers. Women who give birth in a short-stay hospital setting pay an extra out-of-pocket charge for the rent of the maternity room in the hospital. When a woman has a medical indication to give birth in the hospital under supervision of the obstetrician, the out-of-pocket charge expires.
The Dutch obstetric system has received a great deal of attention in the literature [8] . However, the system has increasingly come under pressure since the national perinatal mortality rate (between 22 weeks of pregnancy and 7 days postpartum) was shown to be one of the highest in Europe (10‰ in 2004) [9] [10] [11] . Furthermore, a continuing increase in the referral rate to secondary care, especially for nulliparae, might raise the societal costs of giving birth. Because short-stay hospital births are known with higher referral rates to the obstetrician during delivery [12] [13] [14] [15] , it can be expected that this is associated with higher societal costs. However, this information is still lacking and it becomes interesting to gain insight into the economic aspects of the different birth settings of the Dutch obstetric system. Several studies have examined the economic implications of home births or short-stay hospital births in comparison with a hospital birth [16] [17] [18] [19] [20] [21] [22] [23] [24] . However, these studies were performed outside the Netherlands. Because of differences in relative and absolute price levels among jurisdictions, the unit cost prices are jurisdiction specific and the results cannot be transferred to the typical Dutch system [25] . Furthermore, some of these studies had a very limited time frame, not looking at the costs from an early stage of pregnancy until a fixed period after delivery. These studies also did not calculate the societal costs of giving birth, meaning that all costs were taken into account disregarding who bears them, with a primary focus on health care costs. A cost analysis from a societal perspective gives insight in the costs of a treatment for the society. This means that not only the health care costs (i.e. costs of care givers, medication and hospitalisation) are included, but also the costs of patients (i.e. out-of-pocket costs, travel expenses), their family (i.e. informal care) and other non health care costs (i.e. productivity losses) [26] .
This study sets out to investigate the differences in costs from a societal perspective between low-risk nulliparae preferring to give birth at home and low-risk nulliparae preferring to give birth in a short-stay hospital setting.
Methods
Cost calculations were performed according to the Dutch manual for costing in health care, a methodological reference for performing costing studies in the Netherlands [26, 27] . This manual introduces a six-step procedure for costing [26, 27] . The first step involves determining the scope of the research, taking the perspective and the time horizon into account. The costing in this study was performed from a societal perspective, implying that all costs for society, including health care costs, patient and family costs are taken into account [26] . The time horizon for measuring costs related to pregnancy, birth, and postpartum care was set at 16 weeks of pregnancy until six weeks after delivery. This period was divided into the following four measurement periods: week 16 +0 until 28 +6 of pregnancy, week 29 +0 until the end of pregnancy, delivery, and the first six weeks of the postnatal period.
The second step concerns the choice of the cost categories that are measured [26, 27] . In this study we measured the health care sector costs and the non health care costs.
The third step of costing is to determine the resources that are used that lead to costs. Contacts with health care professionals, medication, maternity care assistance, medical interventions during delivery, pain control, and hospitalisation were identified as health care costs. Patient and family costs (i.e. informal care during pregnancy and postpartum period), transportation costs, and extra costs made by responders (i.e. costs for antenatal classes) were identified as non health care costs. In the fourth stage, the volumes of resources used are measured [26] [27] [28] . Volumes were determined using three sources: cost diaries, three questionnaires, the birth registration forms of midwifeassisted births (National Perinatal Database for Primary Care, LVR-1), and obstetrician-assisted births (National Perinatal Database for Secondary Care, LVR-2). Cost diaries completed by the respondents were used to determine the volumes of contacts with health care providers (e.g. midwife, GP, obstetrician) and the use of medication. The women were asked to fill in these diaries weekly. The first questionnaire was sent to each woman immediately after informed consent was given (gestational age 16 weeks). This questionnaire was used to collect the baseline information with regard to preferences for place of birth and demographic aspects. The second questionnaire, which was sent to each woman at the gestation stage of 32 weeks, was used to determine the extra costs incurred by the participants concerning their pregnancy (costs for materials and antenatal classes). The third questionnaire was sent to the participants six weeks after giving birth, and was used to collect data concerning the type of perinatal transportation and the time needed for transportation. The birth registration forms provided information with regard to the number of days of hospitalisation, pain medication during delivery, and the volume and type of diagnostic and therapeutic interventions. Although information regarding hospital admissions and the use of interventions was also obtained from the cost diaries, for this study data from the birth registration forms were used in order to strengthen the validity of the research, since it was expected that the data registered in these forms is more reliable. The fifth step is the valuation of the resources used [26] [27] [28] . The unit prices of the resources used were obtained from the standard costs given in the Dutch manual for costing, where available [26] . These standard costs are average unit costs of standard resource items [27] . Other unit prices (i.e. the unit prices of midwives) were obtained from expert (financial) resources, such as the Dutch Health Authority (NZA) and the Royal Dutch Organization of Midwives (KNOV). The medications used by the participants were grouped and unit prices were obtained from the Dutch pharmacotherapeutic compass [29] [30] . Table 1 gives an overview of the unit prices used in this cost analysis.
The final stage of the cost analysis is calculating the unit costs for each respondent by multiplying the volumes by the unit prices of the resources used [26] [27] [28] . The data on the total costs were analyzed by using the statistical package SPSS 12.0 (SPSS, Chicago, IL, USA) and MS-Excel.
Sample
This cost analysis concerns a multi-centered prospective non-randomised controlled study. The individuals participating in the research are grouped according to their preferred place of delivery at home or in a short-stay hospital setting.
In the study the following inclusion criteria were applied: the woman is giving birth for the first time (nulliparae), there are no medical indications for secondary care, the woman has the possibility to choose the place of birth (social circumstances), and the woman is fluent in the Dutch language. Recruitment for the study took place on a national level; 100 practices with independent midwives from across the Netherlands were selected at random and participated in recruiting the respondents. The women were informed about the study during their first visit to the midwife (8-10 weeks of pregnancy), and were included in the study if they met the criteria and gave informed consent. Recruitment was carried out from 
Statistical analysis
The statistical analysis involves analysis of the data collected in the cost analysis. The database was first checked for any erroneous data, by determining the minimum and maximum of the data. The minimum was expected to be zero, which indicated that no contact took place, no medications were used, or no hospital admission was necessary. If the maximum showed extremely high amounts, the database was checked to find out the reason for these outliers. No cases were excluded because of outlying values.
Base case analysis and sensitivity analysis
The statistical analysis of the collected data is divided into two separate data analyses: a base case analysis and a sensitivity analysis. The data sources collected from the participants showed that not all respondents were complete in registering their data. The reason for performing these two types of analyses was to compare the data as it was Caesarean section (planned) per subject € 634.47 CTG codes (CVZ) 4 Caesarean section (unplanned) per subject € 586.03 CTG codes (CVZ) 4 received from the participants with the scenario that all participants filled in all sources completely. It is unclear whether women, who did not fully or partially complete the data sources, have more health care consumption.
The participants who fully or partly completed the cost diaries and questionnaires were included in the base case analysis. In this analysis some respondents did not complete all items (see table 2 ). The missing items were imputed using general mean substitution, in which the mean of the whole group of responders was taken as a value for the missing data. Besides these missing items within cost diaries and questionnaires, there were also some missing cases, like participants who did not respond at all to a particular part of the data sources; consequently these data were completely missing. In the sensitivity analysis, the data of these missing reports were imputed using general mean substitution, and included in the analysis, to examine the impact of the uncertainty of these missing data on costs resulting from the base case cost analysis. The missing data of respondents were imputed only when a participant had completed the first questionnaire. Women with a missing baseline measurement were excluded.
Bootstrap resample method
The base case and sensitivity analyses are performed according to the intention-to-treat principle (delivery at home or in a short-stay hospital setting), including data from all participants. To investigate whether the data are distributed normally, histograms were plotted in SPSS, with a normal distribution curve included. It was concluded that the data are not distributed normally, indicating that the data are skewed. Despite the usual skewness in the distribution of costs, arithmetic means are generally considered to be the most appropriate measures to describe cost data [31, 32] . Therefore, arithmetic means will be presented. However, because the cost data are skewed, non-parametric bootstrapping will be used to test for statistical differences in costs between the group intending to give birth at home and the group intending to give birth in a short-stay hospital setting. Non-parametric bootstrapping is a method based on random sampling, with replacement based on the participants' individual data [33] . Estimates (such as mean, standard deviation and confidence interval) are extracted from a non-parametric data set (no underlying distribution is assumed in the data set), to provide an approximation of the accuracy of the statistical estimates [34] , in order to represent the uncertainty in the costs and to test whether there are significant differences between the costs of both groups [35] . The non-parametric bootstrap resample method is applied with 1000 replications in this study. The bootstrap replications will be used to calculate 95% confidence intervals around the costs, based on the 2.5 th and 97.5 th percentiles.
In addition, the mean costs for the actual place of birth were calculated. This statistical analysis was based on three groups (home birth, short-stay hospital birth and hospital birth).
Results

Participants
Of the 529 women who gave informed consent to participate in the study, 80 women were excluded because they
Flowchart of the study population and the referral rates Figure 1 Flowchart of the study population and the referral rates. failed to fill in the first enquiry. Therefore, the study analysed 449 cases. Table 2 summarises the response rate of the different data sources. The response rates differ from 68.4% for the cost diaries to 93.1% for the birth registration forms. The overall response rate for the complete cases is 56.3%; these are the women who returned all separate data sources. The response rates represent the women who filled in the cost diaries and questionnaire, either completely or partially. The birth registration forms were received from the midwives of the participating women.
Of all women, 31 women (7%) quit participation during follow-up, see Figure 1 . Of the 418 women from whom a birth registration form was received, 241 (57.7%) intended to give birth at home and 177 (42.3%) intended to give birth in a short-stay hospital setting. Of the intended home births 32.8% succeeded, 2.9% delivered in a short-stay hospital setting and 64.3% in the hospital.
Of the women who intended to give birth in a short-stay hospital setting 13.6% succeeded, 9.6% delivered a child at home and 76.8% were referred for a hospital delivery under the supervision of an obstetrician. Table 3 shows the base-line characteristics of the sociodemographic factors, giving information with regard to nationality, family income and education. Clearly there are no significant differences between the two groups ( Table 3) .
Results of the cost analysis
The number of volumes of resource use per period (week 16-28, week 29-42, delivery and post-partum period) are summarised in Table 4 . The costs associated with these volumes that resulted from the costs analysis in the base case analysis are summarised in Table 5 . Table 5 shows the differences between both groups, both for the bootstrapped mean costs and the mean costs. As can be seen in the table, the mean costs are comparable to the bootstrapped mean costs. The total bootstrapped mean costs over the whole period followed (from 16 weeks of pregnancy until six weeks after delivery) amounted to €3,695 for women who intended to give birth at home and €3,950 for women who intended to give birth in a shortstay hospital setting. When focusing on the costs of the different periods, there are no statistically significant differences between both groups. The costs of pregnancy and delivery are (slightly) higher in the home birth group, while the costs associated with postpartum period are higher in the short-stay hospital birth group. Furthermore, as is shown in Table 5 , the mean costs of hospitalisation in the base case analysis of the home birth group are higher in the period 'week 16-28' than in the short-stay hospital birth group, while in the short-stay hospital birth group these costs are statistically significantly higher in the post-partum period than in the home birth group.
The expenses incurred for transportation to the hospital when the delivery started are higher for the women who intended to give birth at home (55% higher than the costs made by women who intended to give birth in a shortstay hospital setting).
The results of the sensitivity analysis are shown in Table 6 . All 449 respondents are included in the sensitivity analysis, and the missing data are included by means of general mean substitution. When focusing on the differences between the home birth and the short-stay hospital birth group in terms of percentage, the results of the sensitivity analysis showed no divergence from the conclusions that were drawn from the results of the base case analysis. Although the (sub)total costs are higher than those of the base case analysis, the overall results remain the same, both for the bootstrapped mean costs as well as for the mean costs.
The total costs of giving birth resulting from the sensitivity analysis are €4,364 for the home birth group, and €4,541 for the short-stay hospital birth group. The total costs for the two groups are higher than in the base case analysis because all 449 respondents are included in the analysis, instead of eliminating those respondents whose data was incomplete. Furthermore, the results in the sensitivity analysis are equal to the results of the base case analysis.
The costs of hospitalisation constituted the largest portion of the total costs (40.7% in the sensitivity analysis), as shown in Table 7 . In addition, about 32% of all costs were spent on maternity care assistance at home. The costs of contacts with various health care professionals (i.e. midwives, GPs, obstetricians and other professionals) 14%, respectively. Table 8 shows the results of the analysis of the database with imputed values for all respondents (n = 449). These results are the mean costs for the actual place of birth. The costs for antenatal care are the lowest for women who gave birth at home. Looking at the costs "week 16-28", the differences between the three birth places are small. The costs for women who gave birth in the hospital are slightly higher (€123 more), but the antenatal costs for "week 29-42" for the women who gave birth in the hospital are much higher than the costs for women who gave birth at home or in the short-stay hospital setting (respectively €608, €202 and €215). The costs during delivery and postpartum care are the lowest for the women who gave birth in a short-stay hospital setting. The costs for women who gave birth in the hospital under the supervision of an obstetrician are for each subtotal the highest. The hospital birth group has the highest total costs (€5,208). Giving birth in a short-stay hospital birth setting is less costly than giving birth at home (€2,816 vs. €3,173). The results of the analysis based on the database with no imputed values showed no differences (data not shown).
Discussion
This is the first article which reports on the first cost analysis into the costs of giving birth in the Netherlands of nulliparous women with different intentions where to give birth: at home or in a short-stay hospital setting. We expected that the costs of home births would be much lower than those of short-stay hospital deliveries. From the results however, it can be concluded that there is no difference in the total costs between the home birth group and the short-stay hospital group. In the home birth group, more costs were spent on maternity care assistance in the postpartum period. This conclusion is in line with the result that the costs of hospitalisation of the mother and child in the postpartum period are higher for the short-stay hospital birth group. In the Dutch obstetric system, women who remain hospitalised after delivery receive fewer days of maternity care assistance at home and therefore receive less reimbursement for maternity care assistance at home. This leads to lower costs for maternity care assistance at home than for the home birth group.
Furthermore, the results of the cost analysis have shown that travelling expenses incurred during transportation to the hospital when the delivery started, are higher for women who intended to give birth at home. This may be due to fact these women did not plan to travel to the hospital and are often transferred to the hospital in a later phase of the delivery, when there is more urgency. When looking at the frequencies of using transportation other than the car, 1.2% of women from the home birth group makes use of a taxi and 4.7% is transported to the hospital by ambulance (for the short-stay hospital group 0.5% and 2.6% respectively). This indicates that women who intend to give birth at home make use of more expensive transportation more often, leading to higher costs.
The results of the cost analysis for the actual place of birth showed a large difference in antenatal costs in "week 29-42" between women who gave birth in secondary care and women who gave birth in primary care. This means that most of the complications during pregnancy arise in the last period of the pregnancy. All respondents were at low risk at the beginning of their pregnancy. When complications occur during pregnancy, their midwife (primary care) has to refer them to much more expensive secondary care. Comparing the results of the analysis of the actual place of birth with the results of the intention-to-treat analysis, a shift can be seen. In the intention-to-treat analysis the costs of a short-stay hospital birth are slightly (but not significantly) higher than the costs of a home birth. In the cost analysis of the actual place of birth, the costs for a short-stay hospital birth are slightly lower than the costs of a home birth. This indicates that the referral rate to secondary care is much higher in the short-stay hospital birth group than in the home birth group, because the expensive care by secondary caregivers will increase the total costs in the intention-to-treat analysis. Further research will be necessary to investigate the difference in referral rates in a short-stay hospital birth and a home birth.
Women who opt for a home birth or a short-stay hospital birth have a lower chance for an operative delivery (i.e. vacuumextraction, forcipal extraction and caesarean section) than women who choose for a hospital birth [36] , while Dutch studies also showed that the maternal and neonatal outcomes of home births and short-stay hospital births are equal to the outcomes of hospital births. This knowledge in combination with the results of this study underlines the advantages of the primary care for low-risk pregnant women when 'normal birth' is concerned.
The collaboration between midwives and obstetricians has to improve to give adequate information to pregnant women about the differences between home births and short-stay hospital births and the chance for a referral to the obstetrician. Women can make optimal decisions about their place of birth what will probably lead to a positive birth experience. 
Comparison with other studies
The reason for our cost analysis was to provide insight into the costs of giving birth in the Netherlands of nulliparous women with different intentions of where to give birth. A cost analysis from a societal perspective has not been performed in the Netherlands before. The outcomes of other studies that examined the economic implications of home births and short-stay hospital births (as opposed to maternity care in the hospital) in other countries could not be generalised to the Netherlands, because the Dutch obstetric system is different, with a high rate of home births and low rate of medical interventions [16] [17] [18] [19] [20] [21] [22] . Furthermore, the methodology applied in these other studies does not always correspond with the methodology used in our study. As was explained in the introduction, these studies did not follow the same period (16 weeks of pregnancy until six weeks after delivery) [17] and costs were not calculated from a societal perspective [16, 17] . Another difference is that this cost analysis is based on intention-to-treat, i.e. whether to give birth at home or in a short-stay hospital setting, while some of the other studies were based on the actual place of birth. Finally, the other studies compared home births and births in a shortstay hospital setting with hospital births [16, 17, 20, 22] but made no comparisons between home births and short-stay hospital births.
Ratcliffe [18] concluded that the total mean health service costs were lowest for women intending to give birth at home, followed by giving birth in a short-stay hospital setting, and giving birth in the hospital. The low costs of home births reflected the low use of resources during birth by this group.
Anderson and Anderson [19] compared home births with short-stay hospital births and hospital births. The outcomes of other studies in this field are reviewed. The charges of the different birth locations are determined, based on the intended location. The conclusion was that the average costs of uncomplicated vaginal births are less when delivery takes place at home, as opposed to a shortstay hospital setting or the hospital. Henderson and Petrou [21] conducted a structured review of the economic implications of home births and short-stay hospital births and compared the resource use of these birth settings as opposed to hospital birth. Eleven studies were included in the review, with different methodologies, inclusion criteria and costs results (heterogeneous studies). It was concluded that although resource use is higher in the hospital, this does not always lead to higher costs for hospital births (because midwives have a different education grade and because hospitals are existing facilities).
Although the studies discussed here provide insight into the proportion of costs of different birth settings, the results are not comparable to our results, because we focused on the difference in costs between intended home births and short-stay hospital births. Our study does not take the costs of planned delivery in the hospital into account.
Limitations
Some limitations in this study need to be considered. An important limitation relates to the method of data collection. This cost analysis concerned a multicenter prospective cohort study. The initial idea was to perform a randomized controlled trial, in which the place of birth was decided for the women by means of randomization. However, this approach appeared not to be feasible, as Dutch pregnant women do not accept randomization for the place of birth, as we have published elsewhere [37] . Therefore, possible residual confounding by indication cannot be completely excluded in our study and may explain the results. However, all women had the same possibilities to choose their place of birth, based on social circumstances, which may have diminished the potential for confounding by indication. The results of this study are representative for the Dutch women intending to give birth at home or in a short-stay hospital setting. One hundred midwives from across the Netherlands were selected at random and participated in the recruitment of the respondents. All women were asked to their preferred place of birth in an early stage of their pregnancy (around 16 weeks of gestation age). All women filled in this question and had, therefore, a choice for their place of birth. It is unknown whether this choice is realistic. In the second questionnaire (around 32 weeks of gestation age) the preferred place of birth was asked again. For this analysis we used the first choice for place of birth.
Another limitation concerns the perspective of the study. The aim of this study was to calculate the total costs of giving birth in the Netherlands from a societal perspective. However, the productivity losses of parents are not included in this study, because a difference in productivity losses between the home birth group and the short-stay hospital birth group was not expected. Besides the health care costs, this study also calculated the patient and family costs, which excluded the research from being studied from a health care perspective.
The health care costs included the costs of contacts with health care professionals, medication, maternity care assistance, medical interventions during delivery, pain control, and hospitalization. However, the cost of diagnostic tests such as ultrasounds and CTG monitoring were not separately included in this study. Instead, when women received such a diagnostic test, this test was included in the cost analysis as being an extra contact with the concerning health care provider, in which the time of the appointment was taken into consideration. Therefore, the cost of the diagnostic test itself is included in the calculation of unit costs of visits and it is not possible to present the difference in use of diagnostic tests between both groups.
The poor completion of the cost diaries that were used to calculate part of the cost volumes is also considered a limitation of our study. Of the diaries returned, a considerable number were answered only in part; not all weeks were completed. It appeared to be very time-consuming to 2 Costs of women who gave birth in a short-stay hospital setting under the supervision of a midwife (primary care) 3 Costs of women who gave birth in a hospital under the supervision of an obstetrician (secondary care) *p < 0.05 complete the diaries. Therefore, the missing data were supplied by means of the other data, using general mean substitution.
In this research the comparison between different birth settings was reduced to an analysis of the costs. The effects of giving birth in the different birth settings were beyond the scope of this analysis. The consequences of giving birth at home, in a short-stay hospital setting, or in the hospital have been studied by several researchers in the past, and these studies indicated similar consequences regarding the different birth settings. A Dutch study concluded that planned home births are at least as good as planned hospital births for women delivering their first child without medical complications, indicating that the choice to give birth at home is a safe choice [38] . Similar studies performed outside the Netherlands concluded that there is no increased risk for low-risk women to give birth at home, and that home births result in fewer medical interventions [39] [40] [41] [42] [43] . Because the effects are similar within different birth settings, these consequences were not taken into account.
A final limitation concerns the comparison of our results with the conclusions of earlier studies. As was already explained, these studies differed in methodology and were mostly focused on a comparison between short-stay hospital births and hospital births. Furthermore, it is hard to compare a Dutch short-stay hospital setting with those countries, where they are called birth centres. The characteristics and basic idea of such birth settings may differ between countries.
Conclusion
The objective of this study was to give a view of the Dutch obstetric system from an economical perspective. This study provides insight into the societal costs of the two groups of women giving birth for the first time in the Netherlands with different intentions regarding place of giving birth. Because of the high rate of home births in the Netherlands, the obstetric system is currently a topic of debate. In summary, from the results of this cost analysis, it may be concluded that there is no difference in the total costs between low-risk nulliparae who prefer to give birth at home and low-risk nulliparae who prefer to give birth in a short-stay hospital setting.
